T HE CENTERS FOR DISEASE Control and Prevention estimate that in 2004, there were 112 012 deaths related to unintentional injuries alone in the United States. 1 Unintentional injury is within the top 10 causes of death for every age group and is the leading cause of death among persons aged 1 to 44 years. Motor vehicle crash is the most common cause of unintentional injury, whereas fall is the most common cause of nonfatal injury overall. 2 In 2007, according to the US Census Bureau, 45.7 million Americans (15.3%) were uninsured. 3 The US Congressional Budget Office estimates that another 10 million Americans will become uninsured in the next 10 years. 4 Uninsured patients currently face health-related dis-parities in screening, hospital admission, treatment, and outcomes. A Virginia study showed that insured patients were twice as likely to report being screened for colorectal cancer compared with uninsured counterparts of similar ages. 5 In Arizona, California, and Texas, the odds of admission to specialty hospitals (for acute myocardial infarction, congestive heart failure, coronary revascularization, and coronary artery bypass graft surgery) were significantly higher for insured patients, after adjustment for demographics, comorbidities, and distance from the hospital. 6 In a recent study, 7 uninsured patients with breast cancer presented with significantly larger tumors, higher levels of disease severity, lower rates of operations for disease, and lower rates of breast reconstruction than insured patients.
Uninsured adults have a 25% higher risk of mortality than insured adults, accounting for approximately 18 000 deaths per year in excess. 8, 9 Evidence regarding the effects of lack of insurance on traumatically injured patients suggests that they are at added risk. A study using the National Inpatient Sample 10 found that organ donors were more likely to be uninsured. A 1994 study of acutely injured Massachusetts patients 11 indicated that uninsured patients were less likely to undergo operations, received fewer services, and had higher odds of in-hospital death. A recent study of adult trauma 12 found that insurance status was an independent predictor of death subsequent to trauma. However, that study did not account for the likely increased prevalence of comorbidities and worse overall health status in uninsured patients, which may have contributed to residual confounding.
Given the pervasive evidence of disparities due to insurance status and the limited data on the effect of comorbidities in the traumatically injured population, we hypothesized that subgroup analyses of national data would reveal a disparity in trauma outcome (in-hospital death) among the uninsured.
METHODS
Data were provided by the National Trauma Data Bank (NTDB) (version 7.0), which contains data from 2.7 million admitted patients from more than 900 US trauma centers (from January 1, 2002 1, , through December 31, 2006 . As of 2002, there were 1154 trauma centers in the United States. 13 Trauma center participation in the NTDB is voluntary, and thus these data are a convenience sample. The NTDB contains information on patient demographics, preexisting comorbidities, emergency department care, complications, injury severity, patient outcomes, hospital charges, and hospital information. 14 We included data on adult patients (aged Ն18 years) who had been injured via blunt or penetrating trauma (we excluded patients with burns). Patients were divided into the following categories of insurance coverage: uninsured (includes self-pay), a managed care organization, commercial indemnity insurance (including automobile insurance, Blue Cross/ Blue Shield, no-fault insurance, worker's compensation, or another commercial indemnity plan), Medicare, and Medicaid, for a total of 5 categories. Patients with insurance in categories that did not naturally fall into our set categories or who represented less than 1% in the data set were excluded (not done/ not documented [ We performed multiple logistic regression using commercially available software (Stata IC, version 10; StataCorp, College Station, Texas) to analyze differences in in-hospital mortality (the dependent variable) by insurance status (the independent variable). We report odds ratios (ORs), P values, and 95% confidence intervals (CIs). We initially performed a crude analysis of mortality vs insurance status and mortality vs each of the a priori hypothesized confounders (sex, race, age, Injury Severity Score [ISS], and Revised Trauma Score [RTS]), trauma center level (combined American College of Surgeons verification and state designation), and mechanism of injury (blunt or penetrating), and then adjusted for each of these a priori hypothesized confounders. Clustering within hospital facility was adjusted for using generalized estimating equations. We used clustered Pearson 2 tests to compare categorical variables and clustered linear regression to compare continuous demographic variables.
Age was divided into quartiles before missing data were deleted because of the nonlinear relationship between trauma mortality and age. Patients older than 89 years (n=24 479) in the database were recoded as 94.3 years of age based on the 2004 Centers for Disease Control and Prevention life table average life expectancy for all persons older than 89 years of age. For race, we included patients with a documented race defined as white (non-Hispanic origin), black, Hispanic, or other (patients documented as Asian or Pacific Islander and Native American or Alaskan Native).
The ISS is an algorithm that provides an overall score for patients with multiple injuries. Each injury is assigned an Abbreviated Injury Scale score 15 and is allocated to 1 of 6 body regions (ie, the head, face, chest, abdomen, extremities [including the pelvis], and external). The highest Abbreviated Injury Scale score in each body region is used. The 3 most severely injured body regions have their scores squared and added together to produce the ISS. The ISS ranges from 0 to 75. If an injury is assigned an Abbreviated Injury Scale of 6 (ie, an unsurvivable injury), the ISS is automatically 75. The ISS correlates with mortality, morbidity, hospital stay, and other measures of severity. 16, 17 The relationship of mortality and ISS is nonlinear; thus, we treated the ISS as a categorical variable (0-8, 9-15, and Ͼ15). 16 The RTS is a measure of physiologic injury severity and includes the Glasgow Coma Scale, systolic blood pressure, and respiratory rate; it ranges from 0 to 8, with 8 portending the highest probability of survival. 18 The RTS has been shown to predict mortality in patients with blunt and penetrating trauma.
We performed subgroup analyses on the following 3 groups of patients: (1) those aged 18 to 30 years (to investigate patients with a lower prevalence of comorbidities), (2) those with information in the NTDB on 1 or more preexisting comorbidities, and (3) those who had sustained head injuries (per the Abbreviated Injury Scale code). In the subgroup analysis of patients aged 18 to 30 years, age was treated as a continuous variable. In the NTDB, preexisting comorbidities are recorded at the time of patient arrival in the emergency department. The number of comorbidities was counted, and this variable was treated as continuous in this subgroup analysis.
RESULTS
The NTDB contained 1 861 779 patients. Those younger than 18 years (n=358 705) were excluded. After the remaining inclusion criteria were satisfied, 72.0% of patients had complete data on our chosen variables (n=687 091). Patients with missing data were found to be similar to included patients in terms of baseline characteristics. For the estimates of the multivariate regression model variables to be unbiased, the probability of being missing can depend on the covariates but not the outcome; this appears to hold for these data. Therefore, this analysis based on 687 091 patients should possess minimal bias. 19 Patient characteristics are given in had higher odds of being uninsured than did female patients (OR, 2.57; 95% CI, 2.54-2.60; P Ͻ .001). Table 2 gives the values of the unadjusted and adjusted logistic regression results of the main analysis. The final adjusted model (using in-hospital death as the de-pendent variable) included insurance type (using commercial insurance as a reference), ISS (using ISS of 0-8 as a reference), race (using white as a reference), age (using the youngest quartile as a reference), sex (male compared with female), RTS (continuous), and injury mecha- nism (penetrating compared with blunt). Two variables on trauma center level comparing levels III and IV with levels I and II and comparing level I with levels II, III, and IV were separately added to the multivariate model but did not change any results and were not significant. They were not included in the final analysis. In the final model, uninsured patients had the highest odds of death (OR, 1.80; 95% CI, 1.61-2.02; PϽ.001). Black patients had higher odds of death compared with white patients (OR, 1.18; 95% CI, 1.07-1.29; P = .001). Older patients had higher odds of mortality compared with younger patients. Patients with a higher ISS had higher odds of mortality compared with patients in the lowest ISS group. Penetrating injury resulted in an increased odds of mortality compared with blunt injury. As the RTS increased, the odds of death decreased.
Results of subgroup analyses on the cohort of patients aged 18 to 30 years (n = 209 702) are shown in Table 3 . This group was chosen because of the likelihood of fewer (or no) comorbidities in younger patients. Uninsured patients in this group still had the highest odds of death (OR, 1.89; 95% CI, 1.66-2.15; PϽ.001). Subgroup analysis of head-injured patients (n=134 483) also revealed higher mortality for the uninsured (OR, 1.65; 95% CI, 1.42-1.90; PϽ .001) ( Table 3) , as did subgroup analysis of patients with information in the NTDB on 1 or more comorbidities (OR, 1.52; 95% CI, 1.30-1.78; P Ͻ.001) ( Table 3 ). The Figure displays a comparison of the adjusted odds of death by payer status for each analysis.
COMMENT Uninsured trauma patients in the NTDB had a statistically significant higher adjusted odds of mortality compared with insured trauma patients. Our subgroup analyses strongly corroborated these findings. In younger patients (aged 18-30 years), the adjusted odds of mortality after trauma remained higher for uninsured patients compared with insured patients, indicating that the differences persist in a relatively healthy cohort. In the subgroup analyses of head-injured patients and those with 1 or more comorbidities in the NTDB, the adjusted odds of mortality in the uninsured population remained significantly high. Lack of insurance may affect mortality by several mechanisms because payer status can affect many processes of care. First, uninsured patients may experience treatment delay, thus contributing to the observed increased odds of mortality due to trauma. The purpose of the Emergency Medical Treatment and Active Labor Act (passed in 1986) is to ensure that payer status would not sway a hospital's decision to provide emergent care; it states that a patient may not be transferred from one hospital to another or refused necessary treatment when medically unstable. 20 A study of pediatric orthopedic injuries 21 found that children insured by Medicaid, those receiving charity care, and those who were uninsured experienced a delay in care for injuries when compared with privately insured children. In addition, a higher percentage of publicly insured and uninsured children had visited multiple emergency departments and hospitals before being treated definitively. A 2006 study of the NTDB 22 revealed that minorly injured (ISS, 0-3) uninsured patients and those insured by Medicaid (compared with commercially insured patients) were more likely to be transferred to a level I trauma center after controlling for confounders such as comorbidities, age, sex, and others. The same finding was also elucidated in another study of patients who had sustained femur fractures. 23 A significant delay in definitive care of transferred patients could increase the number of missed injuries or complications and prolong the hospital stay.
Second, uninsured patients may receive different care than insured patients. Despite the Emergency Medical Treatment and Active Labor Act, hospitalized trauma patients were found to have differences in care based on payer (insurance) status; uninsured trauma patients were less likely to be admitted to the hospital and received fewer services during their admission compared with insured trauma patients. 11 A study 24 of 16 562 emergency department visits (in patients with similar ISS) at a single tertiary care teaching hospital showed that, although uninsured and insured patients were treated similarly in terms of the number of laboratory tests ordered, whether they received consultations, and the length of stay in the emergency department, uninsured patients received significantly fewer radiographic studies and were less likely to be admitted compared with insured patients with similar diagnoses.
Physicians may not be cognizant that they are providing different care to the uninsured. Different care may be due in part to geographic sorting of patients more than practice differences within institutions. Furthermore, institutions providing treatment to a higher proportion of uninsured patients may simply have fewer resources for care. Another recent study 25 found that, after adjusting for comorbidities, age, injury severity, physiology, and ethnicity, uninsured trauma patients were less likely to be transferred to a rehabilitation facility, thus indicating that uninsured patients are also receiving different aftercare than their insured counterparts.
Third, uninsured patients may possess a lower rate of health literacy and may have less aptitude in communication with physicians and other treating team members. 26, 27 As a result, clinical outcomes may suffer. Patients with a higher rate of health literacy may communicate symptoms better, have readier family involvement in care, and have more dialogues with their health care providers, which may assist with improving quality of care. Communication failures have been shown to adversely affect patient safety. 28 The NTDB has limitations. According to its documentation, It includes a disproportionate number of larger hospitals with younger and more severely injured patients. The data may not be representative of all trauma hospitals in the nation and thus do not allow statistically valid inferences about national injury incidence and prevalence. 14 Likewise, the proportion of insured and uninsured patients in the database may not be representative of the United States today.
The data within the NTDB were incomplete in terms of comorbidity reporting; therefore, we were unable to take this into account in our main analysis. Although some data existed on patients with 1 or more comorbidities, no data existed on patients with no comorbidities. As a result, it was unclear whether missing comorbidity status was equivalent to no comorbidities or to truly missing comorbidities. It is conceivable that uninsured patients may have a higher prevalence of untreated preexisting illnesses such as diabetes mellitus or hypertension. This likelihood could contribute to mortality and unmeasured confounding. Our subgroup analysis of patients aged 18 to 30 years addressed this point because younger persons tend to have fewer (or no) comorbidities, and we found that the odds of mortality were still highest in the subset of uninsured patients in the fully adjusted model. Our subgroup analysis of patients with information on comorbidities in the NTDB also corroborated and confirmed the finding of higher adjusted mortality in uninsured patients.
Most recent research has concentrated on decreased (or lack of) access to care as a result of being uninsured. However, we found that, even after admission to a hospital, trauma patients can have worse outcomes based on insurance status. This concerning finding warrants more rigorous investigation to determine why such variation in mortality would exist in a system where equivalent care is not only expected but mandated by law. In addition, treatment often is initiated before payer status is recog- Adjusted odds of death by payer status. Odds are adjusted for sex, race, age, Injury Severity Score, Revised Trauma Score, injury mechanism, and clustering on hospital facility. *P Ͼ.05 (not significant). †Reference category.
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